Insulin resistance and obesity are very frequent disorders and are described as the dominant risk factors for cardiovascular disease. The aim of this study was to analyze the interrelations between several metabolic variables (including TNF-α) and factors related to insulin resistance in groups of both normal and hyperlipidemic postmenopausal women and men of appropriate age, and to attempt to elucidate the gender differences. The study was carried out on 70 out-patients of the Metabolic Center. From these, 40 patients (20 men and 20 women) were selected with mild hyperlipidemia. Two other groups (10 men and 20 women) with approximately normal serum lipids parameters were taken as "controls". In hyperlipidemic women the mean serum concentration of the TNF-α was no different from that in the control group in spite of the fact that values of HOMA IR, insulin, proinsulin and lipid parameters increased significantly. In hyperlipidemic men we have found the decrease in TNF-α in comparison with the control group. In all four groups the statistical analysis showed correlations between metabolic parameters (including TNF-α) and parameters related to insulin resistance. Also differences in relation to the gender have been found. Multiple regression analysis demonstrated the important role of TNF-α in the regulation of both the insulin resistance and in the secretion of insulin in women. In men, BMI and HDL-cholesterol played a dominant role, while the role of TNF-α seemed to be minimal.
INTRODUCTION
The prevalence of the metabolic syndrome is constantly growing 1 . It may affect over half of the Czech population 2 . From the clinical point of view, the metabolic syndrome X and in particular insulin resistance play a key role in the development of cardiovascular disease. The level of insulin resistance is associated with increased occurrence of myocardial infarction, stroke and peripheral vascular disease 3 . One factor that plays a role in the development of insulin resistance is the tumor necrosis factor alpha (TNF-α). TNF-α is a pleiotropic cytokine which occurs in many pathological processes (including inflammation, allergy, congestive heart failure etc.) It has been discovered that TNF-α inhibits insulin signal transduction, has influence on lipid metabolism and modulates many other factors involved in the pathogenesis of insulin resistance (e.g. PPARγ, adiponectin, resistin). The role of TNF-α in the development of insulin resistance associated with obesity has been the subject of many current research projects. Recent studies have confirmed an important role of TNF-α in the pathogenesis of insulin resistance and obesity in human and in animal's models.
AIMS
The aim of this prospective study was to estimate serum concentrations of TNF-α in groups of both normal and hyperlipidemic postmenopausal women and men of appropriate age, to analyze the interrelations between several metabolic variables (including TNF-α) and factors related to insulin resistance, and to attempt to elucidate the gender differences.
MATERIAL AND METHODS
Persons in the study. The study was carried out on 70 out-patients of the Metabolic Center at the hospital in Sternberk, Czech Republic. From these, 40 patients (20 men and 20 women) were selected with mild hyperlipidemia i.e. with serum triacylglycerols 3.52 ± 1.38 mmol/l and HDL-cholesterol 0.96 ± 0.24 mmol/l in men and with serum triacylglycerols 2.72 ± 0.92 mmol/l and HDL-cholesterol 1.21 ± 0.21 mmol/l in women. Lipid criteria were chosen as typical for the early stages of the metabolic syndrome without substantial complications. All patients were treated with antihyperlipidemic drugs (fibrates), some of them received also antihypertensives. None of the patients was known to have had diabetes mellitus. The control groups consisted of 30 persons: ten men with serum triacylglycerols 1.11 ± 0.44 mmol/l and HDL-cholesterol of 1.34 ± 0.39 mmol/l, and twenty women serum triacylglycerols 1.42 ± 0.47 mmol/l and HDL-cholesterol 1.50 ± 0.21 mmol/l. No signs of major clinical or laboratory symptoms of other diseases were present in control groups of explored patients. Blood samples were obtained in the morning by a venopuncture after overnight fasting. The serum was separated and stored at -20 o C. Informed consent was obtained from all probands.
Biochemical methods. Serum TNF-α concentrations were measured by a sandwich ELISA test kit (Tumor necrosis factor Ultra Sensitive, Human, Cytoscreen US TM hTNF-α). Its sensitivity limit was 0.09 pg/ml, range of 0.5-32 pg/ml, intraassay CV < 5 % , inter-assay CV < 7 %. Tetramethylbenzidine was used as a substrate; quality controls were human based. Several other hormones and peptides were estimated by routine immunochemical tests: insulin, C-peptide (IMMULITE, Diagnostic Products Corporation, Los Angeles, CA, USA), proinsulin intact (DAKO, Denmark). Serum concentration of glucose, total cholesterol, triacylglycerols, HDL-cholesterol, LDL-cholesterol, and uric acid were measured The statistical significance of differences between the means in the hyperlipidemic and control groups was evaluated using the unpaired t-test. The difference between men and women: * = p < 0.05, ** = p < 0.01, *** = p < 0.001. The statistical significance of differences between the means in the hyperlipidemic and control groups were evaluated using the unpaired t-test in the case of normal distribution of data sets, and using the Kolmogorov-Smirnov's test when at least in one of the data sets the normal distribution was excluded (labeled by index KS). TNF-α in the development of insulin resistance and other disorders in metabolic syndrome on ILAB-600 biochemical analysator (Instrumentation Laboratory, Lexington, Ma, U.S.A.) using BioVendor sets. All samples were processed and examined according to principles of good laboratory practice and under permanent intralaboratory and external quality control.
Indexes. The homeostatic index of insulin resistance (HOMA IR-Homeostasis Model Assessment) was calculated according to the homeostasis model of assessment 4, 5 as follows: HOMA IR = fasting insulin (µU/ml) * fasting glucose (mmol/l) / 22.5. The homeostatic index of insulin sensitivity QUICKI (Quantitative Insulin Sensitivity Check Index) was calculated according to Katz et al. 6 : QUICKI = 1 / log fasting insulin (µU/ml) + log fasting glucose (mg/100ml). Body mass index (BMI), defined as body mass in kilograms divided by the square of height in meters, was calculated.
Statistics. Statistical analysis was performed using the Version 6 SAS/STAT software (SAS Institute, Inc., Cary, NC, U.S.A.). Differences between the means in the hyperlipidemic and control groups were evaluated using unpaired t-test in the case of normal distribution of data sets, and using the Kolmogorov-Smirnov's test when at least in one of the data sets the normal distribution was excluded. Spearman's rank-order correlation and multiple regression analysis were used for correlation analysis. P < 0.05 was considered to be of statistical significance. The so called step-down regression model was used to select dominant independent variables. Various four-member groups of independent (explanatory) variables were used for the analysis and the non-zero intercept was taken into account. The independent variables were then dropped, one at a time: at each stage one variable making the least contribution to the dependent variable (i.e. that showed the least p-value in the test of the regression coefficient being zero) was excluded. The coefficient of determination R 2 that can be viewed as a percentage explaining the total variance was simultaneously monitored. A great drop in R 2 after excluding some independent variable enabled selection of those independent variables that could be considered to be the most important determinants of the dependent variable. Table 1 demonstrates metabolic characteristics (TAG and HDL-cholesterol) used as criteria for patient's classification and ranging into the control and investigated groups. Table 2 shows results of other parameters in control and investigated groups. The age of all four groups did not differ substantially. The value of BMI was increased in the investigated group of men as compared with the controls. The indexes of insulin resistance HOMA IR and QUICKI differed (p < 0.05) in both investigated groups (men and women) as compared with corresponding control groups. Serum uric acid concentration was higher only in hyperlipidemic men as compared with controls. Fasting plasma concentrations of glucose, insulin and intact proinsulin were higher in both investigated groups. Serum concentration of C-peptide was higher only in hyperlipidemic men. LDL-cholesterol differed significantly in both investigated groups. Serum TNF-α concentrations were not different from control groups. In the hypelipidemic men, lower TNF-α was noticed (p > 0.05).
RESULTS
From Table 3 , presenting 95% confidence limits of insulin resistance indexes HOMA IR and QUICKI, we concluded that in groups of hyperlipidemic patients of both genders the insulin resistance was substantially higher than in control groups; the groups did not overlap each other. Table 4 shows the results of Spearman's correlations between individual investigated parameters in investigated and control groups of men. Higher concentration of proinsulin that characterizes increased production of the hormone in the pancreas correlates in insulin-resistant men with higher increase of TNF-α and with lower LDLcholesterol. Higher C-peptide correlates with higher BMI and with lower of HDL-cholesterol.
Women revealed completely different results - Table 5 . In the control group there was positive correlation of serum TNF-α concentrations with proinsulin, positive correlation of LDL-cholesterol with insulin and proinsulin Par. = coefficient of regression, T = 0 probability (p) that value of regression coefficient is zero. R 2 = coefficient of determination, explaining the degree of influence dependent variable by independent variables. and negative correlation of HDL-cholesterol with insulin and HOMA IR. We also found positive correlation of TNF-α with insulin, HOMA IR and C-peptide and negative correlation of HDL-cholesterol with insulin, HOMA IR and intact proinsulin. In both genders, the insulin resistance in persons with mild symptoms of metabolic syndrome correlated with serum TNF-α and with HDLcholesterol. In the group of men it also correlated with LDL-cholesterol.
We also performed the multiple regression analysis of relations between important parameters characterizing insulin resistance (HOMA IR, intact proinsulin and C-peptide) as dependent variables and metabolic parameters (BMI, TNF-α, HDL-cholesterol and triacylglycerols) as independent variables. We have especially tried to find differences in the pathogenesis of insulin resistance between men and women. In respect to general character of these relations, which come across in regulation of degree of insulin resistance in people without metabolic syndrome, and with respect to necessary number in individual groups, we analyzed all men and women (the control and investigated group) together. Table 6 demonstrates the results of multiple regression analysis in the group of men. BMI and HDL-cholesterol seemed to play a main role in influencing the insulin resistance index HOMA IR, while TNF-α and triacylglycerols failed to show any significant role. Serum proinsulin concentrations were mostly influenced by HDL-cholesterol and by BMI. In the case of serum C-peptide concentration as dependent variable, the situation in the group of men was similar to the case of HOMA IR: BMI and HDL-cholesterol played a dominant role. The BMI and the HDLcholesterol influenced the serum C-peptide concentration in 55 %. An increase in BMI itself influenced the serum C-peptide concentration in 45 %.
The situation in women was completely different - Table 7 . The dominant independent variable influencing HOMA IR was serum triacylglycerol concentration. Serum concentration of intact proinsulin was also mostly influenced by concentration of triacylglycerols, especially in combination with HDL-cholesterol. The effect of TNF-α and BMI was not important. C-peptide concentration as dependent variable was dominantly influenced by HDLcholesterol. HDL-cholesterol concentrations and TNF-α concentrations influenced the C-peptide concentration in 44 %. HDL-cholesterol itself influenced C-peptide concentrations in 28 %.
DISCUSSION
The key role of TNF-α in the genesis of insulin resistance has been reported in humans and in animal models especially in relation to obesity associated with diabetes type 2. In the fatty tissue of obese animals with insulin resistance and type 2 diabetes, the TNF-α concentration is elevated 7 . Neutralization of TNF-α in vivo dramatically increased the insulin sensitivity of these obese animals, resulting in increased glucose uptake in peripheral tissues. These observations confirmed the role of TNF-α as a key mediator of insulin resistance in obesity. Similarly in vitro, chronic exposition of adipocytes to low concentration of TNF-α caused strong inhibition of insulin stimulated glucose uptake in peripheral tissues 8, 9 . Mishima et al. found that the serum TNF-α concentration in obese persons with type 2 diabetes depends on the degree of their insulin resistance but does not depend on BMI 10 . On the other hand Bertin et al. detected a correlation between TNF-α and BMI with indexes of intra-abdominal fat tissue, but not with glycaemia or the total amount of fatty mass in the body 11 . In morbidly obese women (BMI > 40) insulin resistance correlated positively with TNF-α expression and inversely with the glucose transporter protein GLUT-4 expression in muscle cells 12 . In obese women there was an excessive expression of TNF-α in adipose tissue, which was proportional to the amount of fat depots and was not dependent on presence or absence of diabetes.
TNF-α expression correlated negatively with the activity of lipoprotein lipase and positively with BMI 13 . Miyazaki et al. compared groups of obese patients without diabetes, patients with glucose intolerance and patients with type 2 diabetes. In contradiction with the previous study, serum TNF-α concentration in obese persons with diabetes was higher than in patients with or without glucose intolerance. Serum TNF-α concentrations correlated positively with fasting plasma glucose and insulin in healthy persons and in persons with glucose intolerance, Par. = parameter (coefficient of regression), T=0 probability (p) that value of regression coefficient is zero. R 2 = coefficient of determination, explaining the degree of influence dependent variable by independent variables.
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but not in persons with diabetes. In the former groups the critical predictors of insulin mediated glucose uptake were BMI and serum TNF-α only. In persons with diabetes it was only fasting plasma glucose and insulin. The authors concluded that increase in the circulated TNF-α was associated with both, increase in insulin resistance in peripheral tissues and the increase in glycaemia before the appearance of type 2 diabetes. The subsequent increase in insulin resistance in patients with type 2 diabetes is not associated with increase in serum TNF-α concentration 14 . The increase in serum TNF-α concentration and its expression is related to obesity and the amount of fat tissue. There is also a relation between TNF-α and the development of type 2 diabetes. The question arises whether TNF-α is a factor influencing the development of insulin resistance before the appearance of its clinical symptoms.
Even though tested persons were not obese and they did not have type 2 diabetes, we found increased insulin resistance in both investigated gender groups. This was confirmed not only by the highly significant homeostatic indexes of insulin resistance and by no overlapping 95% confidence limits of these indexes, but also by the significant increase in fasting plasma concentration of glucose, triacylglycerols, insulin and proinsulin. In men there was also an increase in urine acid and C-peptide. In both genders there was decrease in serum HDL-cholesterol concentration in comparison with control group (Table 1 and 2).
In hyperlipidemic men the average values of TNF-α concentration decreased, in hyperlipidemic women these values insignificantly increased. The Spearman's correlations in investigated men demonstrated only an association between TNF-α and proinsulin. In women this association was already present in the control group. In hyperlipidemic women this association disappeared. However there was a significant association between TNF-α and serum insulin concentration, HOMA IR and C-peptide.
The serum TNF-α concentration was associated with the serum proinsulin concentrations in women without insulin resistance and in men with increased insulin resistance, but it was significantly associated with increase in insulin resistance in women, which manifested as correlation of TNF-α with HOMA IR and with serum concentrations of insulin and C-peptide. Neither in control nor in investigated group of men did we find significant correlations between TNF-α and index of insulin resistance, while the investigated group of women showed significant association of TNF-α with insulin resistance (with index HOMA IR, serum concentration of insulin and C-peptide). From our observations it can be concluded that TNF-α plays an important role in the development of insulin resistance in men and women with early symptoms of insulin resistance in a different way.
Some papers have reported on the gender differences in the genesis of insulin resistance and metabolic syndrome. Our data differ from the results of Nilsson et al, who showed increased serum TNF-α concentrations in elderly diabetic men, which significantly correlated with BMI, fasting plasma glucose, triacylglycerols, and negatively correlated with serum HDL-cholesterol 15 . In our study, the symptoms of insulin resistance in the group of investigated men were less expressed. In the study of Tsigos et al. comparison of the TNF-α levels in obese and non-obese women was studied. TNF-α was increased only in the obese women, who had impaired glucose tolerance. TNF-α in these women significantly correlated with index of their waist/hip ratio and with P-glucose concentration after glucose load, but not with BMI 16 . Corica et al. found more increased serum TNF-α concentrations in women than in men and this was found both in control groups and in obese persons 17 . In our non-obese but insulin resistant subjects the serum TNF-α levels did not significantly differ between non-obese and obese men and women, but in women the serum TNF-α concentrations correlated with the symptoms of insulin resistance.
Also in another study on relatively young men (< 45 years) with early myocardial infarction, the TNF-α concentrations were increased in comparison with controls, but did not correlate with the degree of insulin resistance. On the other hand they correlated positively with triacylglycerols and inversely with HDL-cholesterol 18 . TNF-α expression of abdominal adipose fat tissue was increased only in morbidly obese men. It correlated with BMI and did not correlate with the degree of insulin resistance 19 . In the native Canadian population with a higher prevalence of type 2 diabetes no differences between men and women regarding the serum TNF-α concentration were found. Correlations between TNF-α and fasting plasma concentration of insulin and triacylglycerols, HOMA index, waist, and blood pressure were more distinct in women than in men 20 . Bastard et al. reported that in non-diabetic and diabetic women with android obesity and increased insulin resistance the serum TNF-α concentration is increased (together with increase of IL-6 and leptin). Application of low-caloric diet did not cause a significant decrease of serum TNF-α and did not lead to a decrease of TNF α concentration in abdominal subcutaneous fat tissue. IL-6 and leptin concentrations were decreased in this tissue 21 . The question arises whether the TNF-α expression and serum TNF-α are just a result of obesity or could be present in non obese persons regardless the gender? In our investigated group of men the BMI increased significantly, but the mean concentration of TNF-α did not increase (conversely it insignificantly decreased). Analysis of correlation did not reflect a association between TNF α and insulin resistance. We cannot confirm the reports on the crucial role of TNF-α in the genesis of insulin resistance in men.
In our investigated group of women the BMI did not differ from the control group. The mean serum TNF-α increased only insignificantly, however it correlated with the HOMA IR, serum insulin and C-peptide. TNF-α may, though play some role in the development of insulin resistance in women (independently of BMI).
We assume that conditions for the genesis of insulin resistance differ in the early stages of the development of this phenomenon both in men and women. The role of TNF-α is bigger in women and does not necessarily have to be associated with increase in obesity. Increase in obesity evidently causes emphasis on the role of the TNF α in these processes, similarly in men and women. Hube and Hauner concluded that excessive expression of TNF-α especially in the subcutaneous fat depots induces an increase in insulin resistance in peripheral tissues (especially in the muscles) by the mechanisms described above. System TNF-α represents an important physiological mechanism of the body defense against increase in body mass 22 . Some data reflecting the inhibitive effect of TNF-α on the production of leptin in the adipocytes of the obese persons supported the above concept 23 . From our results it can be seen that this mechanism is more evolved in women, and that it can work without excessive fat accumulation in body. Serum TNF-α concentrations increased in non-obese women with ovarium's polycystic syndrome, as well as in 24 , healthy relatives descendants of parents with type 2 diabetes 25 . Serum TNF-α also increased during normal pregnancy 26 . These facts reflect the role of this factor in the etiopathogenesis of insulin resistance, which is not necessarily associated with diabetes mellitus or obesity.
On the other hand Koistinen et al. deny any association whatever between insulin sensitivity and mRNA-TNF α expression in the subcutaneous adipose tissue of obese persons with and without diabetes. This association was only found in morbidly obese men 19 . Bluher et al. also do not accept the role of TNF-α in the genesis of the early stages of insulin resistance. On the basis of the studies of the patients with glucose intolerance, they attributed the genesis of insulin resistance to non esterified fatty acids in particular 27 . Demirbas et al. discovered that in patients with hypertension serum TNF-α concentrations increase together with increase in concentrations of insulin, triacylglycerols, and HOMA IR. No correlations were found between the insulin resistance and concentration of TNF-α 28 . Norberg et al. based on a prospective study in 33336 persons, assumed that from molecules secreted by fat tissue only leptin but not TNF-α, free fatty acids or IL-6, is a risk marker of development for type 2 diabetes which is not associated with obesity 29 . Pathogenetic principle of diabetes type 2 is an increase in insulin resistance 30 . Substantial differences between men and women in relation to the genesis of the insulin resistance have been found. In men, BMI and HDL-cholesterol in the serum play the crucial role in influencing insulin resistance. The higher BMI the higher is insulin resistance. On the other hand the inverse dependence between serum HDL-cholesterol and insulin resistance is rare. Robins et al in prospective study on more then 2000 men with increase in triacylglycerols and decrease HDL-cholesterol (in a group similar to our investigated group of men), found that the development of cardiovascular complications is more often associated with the presence or the absence of insulin resistance than with the decrease in HDL-cholesterol, even though the low HDL-cholesterol in insulin resistant men was constantly present 31 . This is in accordance to our results. The dominant factor is BMI. The effect of TNF-α and triacylglycerols on insulin resistance is not significant.
Similar associations exist between serum concentrations of C peptide and independent variables. Serum concentration of proinsulin is more influenced by HDLcholesterol than by BMI. Hanley et al. examined associations between proinsulin concentration and abdominal adiposity in the original people of Canada with high risk of diabetes type 2. Proinsulin was higher in diabetics in comparison with the non-diabetic persons. Proinsulin concentration correlated with the percentage of the body fat, BMI and waist. The results reflected the unfavorable influence of abdominal adiposity on the function of B cells in the pancreas already at the beginning of the development of glucose intolerance 32 . Our result may specify that together with the increase in BMI also decrease in HDL-cholesterol participate on this process.
In women, serum triacylglycerols together with increased TNF-α play a dominant role in the development of insulin resistance, while the influence of the low HDLcholesterol and high BMI is not significant. The influence of HDL-cholesterol together with TNF-α is more important in the regulation of the serum concentration of C-peptide, while in the regulation of proinsulin triacylglycerols play the most important role.
CONCLUSION
The individual parameters related to insulin resistance (the HOMA IR, the formation of insulin in cells and its release into circulation) are influenced by investigated metabolic factors and TNF-α in a different way. This effect is different in relation to the gender. In women the grade of insulin resistance is very considerably influenced by serum triglycerides, TNF-α and by decreased concentration of HDL-cholesterol, while in men a influence of BMI and decreased HDL-cholesterol is observed.
